Objective: To determine the role of direct hormonal effects, changes in metabolic cytokines, and body composition on metabolic outcomes.
T ransgender individuals are characterized by an incongruence between gender identity and external sexual anatomy at birth. An etiological reason for this phenomenon has yet to be identified, although psychological and biological factors have been implicated (1, 2) . To mitigate the feeling of gender dysphoria, interventions such as gender-affirming hormonal therapy (GAHT) and gender-affirming surgery are often applied during the medical care of transgender persons.
GAHT in transgender persons has enabled, to some extent, investigation of the physiological role of sex steroids, although these are only partially uncoupled from other sex-specific factors that could have an influence. Regarding the metabolism, it is already known that GAHT results in impressive changes in physical appearance toward the target sex (3, 4) . For example, long-term testosterone treatment in transmen increases the visceral fat mass and decreases the subcutaneous fat mass (3) . In addition, it has been repeatedly shown that the classic cardiovascular risk factors belonging to the metabolic syndrome (MS), such as lipid levels, approach those of the target sex. High-density lipoprotein (HDL) levels and, in particular, the HDL/low-density lipoprotein (LDL) ratio usually increase in transwomen and decrease in transmen (5) (6) (7) (8) (9) . In addition, distinct changes occur in the glucose metabolism after GAHT in transgender individuals (6) .
Previously, it was suggested that cytokines derived from adipose tissue (i.e., adipokines) and/or from the liver (i.e., hepatokines) influence facets of the MS. Thus, dysregulation of these cytokines, including adiponectin, leptin, fibroblast growth factor 21 (FGF-21), and adipocyte fatty acid-binding protein (AFABP), is associated with insulin resistance and dyslipidemia [reviewed by Fasshauer and Blüher (10) ]. Many of these cytokines exhibit sexual dimorphism, and it has been demonstrated previously in small cohorts that GAHT can affect circulating levels of cytokines, such as adiponectin and leptin (11, 12) .
However, the underlying mechanisms and consequences are poorly understood. Thus, the extent to which changes in metabolic cytokine concentrations contribute to the observed effects on components of the MS during GAHT, in addition to subsequent changes in body composition (e.g., fat mass) and the direct effects of altered sex steroids, remains unknown. Furthermore, most studies have only investigated classical adipokines, including leptin and adiponectin, and have yet to explore novel adipose tissue-secreted proteins influencing aspects of the MS.
Therefore, the present research investigated a distinct set of novel and well-established metabolic cytokines that exhibit sexual dimorphism (13) and are associated with aspects of the MS within a prospective cohort of 69 transgender individuals before and 12 months after GAHT. The aim of the present study was to determine the effect of these cytokines on the metabolic phenotype of transgender individuals undergoing GAHT, in addition to any changes in body composition and the direct effects of treatment.
Patients and Methods

Patients
The present research forms part of the European Network for the Investigation of Gender Incongruence, a collaboration of four major West European gender identity clinics (Amsterdam, Ghent, Florence, and Oslo), and a study group created to achieve greater transparency in the diagnosis and treatment of gender dysphoria. Aspects of the study design have been previously reported (4, 14) . All participants recruited for the present study received a diagnosis and were treated at the Department of Endocrinology, Ghent University Hospital, Belgium, from February 2010 to March 2014. One year of follow-up data from 57 transmen and 72 transwomen were available during the study period. Patients were only selected for the present analysis if they did not have dyslipidemia, diabetes mellitus, or glucose intolerance and had not been receiving any hormonal treatment at baseline. Twenty-one transmen were already receiving 5 mg lynestrenol daily (Orgametril) or taking hormonal contraceptives to stop their menstrual cycle and were therefore not selected for the present analysis. Patients with incomplete data on body composition at any of the relevant time points were also excluded.
Finally, a total cohort of 69 transgender individuals was available for the present analysis, including 45 transwomen (male to female) and 24 transmen (female to male), who were investigated at baseline and after 12 months of GAHT. Data on the oral glucose tolerance test (OGTT) and the calculated indexes for both time points in this sample were available for 38 transmen and 17 transwomen.
GAHT with 1000 mg of testosterone undecanoate (Nebido®; Jenapharm, Jena, Germany), administered every 3 months, was given to all transmen. In accordance with the Endocrine Society Guidelines (15), the chosen hormonal treatment of the transwomen was dependent on their age and included 50 mg of cyproterone acetate (CPA) administered once daily (Androcur®; Bayer, Leverkusen, Germany), in addition to 2 mg of estradiol valerate (Progynova®; Bayer) administered twice daily. Transwomen aged .45 years received 50 mg of CPA daily and a transdermal 17-b-estradiol (E2) patch releasing 100 mg every 24 hours (Dermestril®; Besins, Brussels, Belgium) (n = 17). All investigations were conducted by trained staff and included standardized questionnaires, anthropometric parameters [body mass index, waist/hip ratio (WHR), and a 75-g OGTT]. Body composition analysis was performed using dualenergy X-ray absorptiometry using a Hologic Discovery Machine (Hologic Inc., Bedford, MA). As described previously (16) , the indexes of insulin sensitivity and b-cell function were calculated from the fasting and OGTT measurements of glucose and insulin.
The ethical review board of the Ghent University Hospital, Belgium approved the present research, which was conducted in accordance with the Declaration of Helsinki. All participants gave written informed consent before inclusion. The present study is registered at www.ClinicalTrials.gov (ClinicalTrials. gov identifier, NCT01072825).
Assays
For all participants, serum samples at both time points (i.e., baseline and 12-month follow-up point) were taken in the morning between 8:00 and 9:00 AM after an overnight fast. After a clotting period of 30 to 60 minutes, the serum was centrifuged and stored at 280°C until further analysis. E2 and testosterone were determined using liquid chromatography tandem mass spectrometry (AB Sciex 5500 triple quadrupole mass spectrometer; AB Sciex, Toronto, ON, Canada). Serum adipokine concentrations were determined using commercially available enzyme-linked immunosorbent assays in line with the manufacturers' instructions (adiponectin; Mediagnost, Reutlingen, Germany; leptin, progranulin, chemerin, resistin, FGF-21, and AFABP, BioVendor Inc., Brno, Czech Republic). Further immunoassays were used to determine the levels of folliclestimulating hormone (FSH), luteinizing hormone (LH), and sex hormone-binding globulin.
Routine parameters, including fasting glucose, glucose and insulin levels during the OGTT, total cholesterol (TC), HDL cholesterol, LDL cholesterol, and triglycerides (TGs), were measured using standard methods in a certified laboratory (Ghent University Hospital, Ghent, Belgium).
Statistical analysis
For statistical analysis of the anthropometric and serum data, SPSS software, version 24.0 (IBM, Armonk, NY), and R software, version 3.1.2 (17), were used. Data were examined for normality using quantile-quantile plots and, if skewed, were normalized by log transformation before further analysis. To evaluate the effects of 12 months of GAHT on the different outcome variables, mixed-effects models with repeated measures over time and incorporating a within participants design were used to compare the mean changes over time between the two groups. Most outcome parameters displayed a substantial time 3 sex interaction; therefore, longitudinal analyses using mixed models were performed separately for each sex. To ascertain whether changes in metabolic cytokine data occurred independently of the changes in body composition and differences in age between the transwomen and transmen, fat mass and age were used as covariates in a second mixed effects model, again performed separately for transmen and transwomen. In all the mixed models, participants were treated as a random effect. In the repeated statement, an unstructured covariance structure was used. The Spearman correlation was used to investigate univariate correlations between changes in metabolic outcomes, metabolic cytokines, and body composition.
Finally, to determine which factors best explained any shifts in metabolic parameters during the treatment, a variable selection approach was used on a change-change model. This initially required reducing the data to absolute changes from the baseline values. The derived variables were then subjected to a linear model with the change in metabolic parameters (e.g., cholesterol) as an outcome variable, with changes in adipokines, lean body mass, fat mass, WHR, and age as predictor variables. Because the mode of estradiol administration in the transwomen was dependent on age, it was not adjusted for separately. However, several of the predictor variables showed strong correlations, violating the assumptions of simple linear regression. To accommodate this, least absolute shrinkage and selection operator (LASSO) regression (18) was chosen and applied. The optimal lambda was also selected, using leave-one-out cross-validation. Additionally, the LASSO penalizes unimportant predictors by applying zero coefficients and hence provides a powerful method for variable selection. Based on the selected variables, final simplified regression models were run to obtain P values and effect estimates. All statistical tests were performed with a # 0.05 (two-tailed).
Results
General characteristics at baseline
At baseline, the transwomen were older (P = 0.009) than the transmen but did not differ in terms of any other anthropometric measure. The transmen seemed to be more active regarding sports activity than were the transwomen (P = 0.010), with no difference in other indicators of physical activity found. The baseline characteristics are listed in Table 1 .
Adiponectin (P = 0.047), leptin (P = 0.016), resistin (P = 0.013), and AFABP (P = 0.047) levels were lower in the transwomen than in the transmen. No statistically significant differences were found for either sex regarding lipid parameters, although fasting glucose (P = 0.030) was higher and fasting insulin levels (P = 0.001) were lower in the transwomen. This also translated into a higher homeostasis model assessment (HOMA) of b-cell function (HOMA-B; P = 0.001) and lower HOMA of insulin resistance (HOMA-IR; P = 0.001).
Longitudinal analysis
Details of the longitudinal analysis are listed in Table 2 .
Markers of the MS
Anthropometry. An increase in fat mass was found in the transwomen (P , 0.001) and a decrease in the transmen (P = 0.048). The lean mass increased in the transmen (P = 0.049) but remained unchanged in the transwomen. The hip circumference increased (P = 0.049) and WHR decreased (P = 0.007) in the transwomen, with no change found in the transmen. Although no substantial changes were found regarding physical activity measures in the transwomen, a substantial decrease regarding work and overall physical activity occurred in the transmen.
Blood pressure. A trend was seen toward an increase in systolic blood pressure in the transmen (P = 0.065). However, the diastolic blood pressure remained unchanged during the observation period for both sexes. Lipids. In the transwomen, the TG levels (P = 0.004) and TC levels (P , 0.001) decreased, although they remained stable in the transmen. A statistically significant decrease was found in HDL in both sexes (P , 0.001 for both). However, although the HDL/TC ratio (HDL%) in the transwomen remained unchanged, it decreased in the transmen (P , 0.001). Furthermore, LDL cholesterol decreased in the transwomen (P , 0.001) and increased in the transmen (P = 0.010).
Glucose metabolism. An increase occurred in the fasting insulin levels (P , 0.001) in the transwomen, with a decrease in the transmen (P = 0.005). In contrast, neither fasting glucose nor the glucose and insulin levels during OGTT [area under the curve (AUC)] were affected by 12 months of GAHT for either sex. In transwomen, HOMA-IR (P = 0.001) and HOMA of first-phase insulin secretion (P , 0.001) increased. In contrast, a decrease occurred in the Stumvoll metabolic clearance rate (MCR; P = 0.028) and the HOMA-B (P , 0.001). In transmen, the HOMA-IR decreased (P = 0.004).
Sex hormones
A decrease occurred in LH levels in both sexes (P , 0.001 for transwomen; P = 0.004 for transmen), and FSH decreased in transwomen (P , 0.001) but not in transmen. As expected, an increase in E2 occurred in the transwomen and a decrease in the transmen (P , 0.001). In contrast, a decrease in testosterone occurred in the transwomen, with an increase in the transmen (P , 0.001). Also, a decrease occurred in sex hormone-binding globulin in the transmen (P , 0.001), with no statistically significant change in the transwomen (P = 0.376).
Metabolic cytokines
The adiponectin levels increased in the transwomen (P = 0.044) but strongly decreased in the transmen (P , 0.001). The chemerin levels decreased in both sexes (P = 0.037 for transwomen, P = 0.020 for transmen), but no change was found in resistin levels in either sex, with resistin levels greater in the transmen at both time points. Circulating progranulin decreased in transwomen (P = 0.017) and in transmen (P = 0.001). The FGF-21 serum concentration decreased in the transwomen (P = 0.010) but remained unchanged in the transmen. All statistically significant changes, except for the decrease in progranulin levels in transwomen, remained statistically significant after adjusting for age and fat mass. No relevant change was observable for AFABP ( Fig. 1) . Univariate correlations between the changes in metabolic outcome parameters and changes in metabolic cytokines and body composition are shown in Fig. 2 . Figure 1 . Changes in metabolic cytokines. Adiponectin levels increased in transwomen (P = 0.044) but strongly decreased in transmen (P , 0.001). A decrease was found in chemerin levels in both sexes (P = 0.037 for transwomen, P = 0.020 for transmen), with no change in resistin levels in either sex, with resistin levels higher in transmen at both time points. Circulating progranulin decreased in transwomen (P = 0.017) and in transmen (P = 0.001). FGF-21 serum concentrations decreased in transwomen (P = 0.010) but remained unchanged in transmen. All statistically significant changes, except for the decrease in progranulin levels in transwomen, remained statistically significant after adjusting for age and fat mass. No substantial change was observable for AFABP. Data presented as mean 6 standard error of the mean.
Multivariate analysis of outcome variables by LASSO
As depicted in Fig. 3 , most outcome variables were, as expected, strongly affected by their baseline values. The b and P values are listed in Supplement Tables 1 to 4 .
Lipid parameters
In the adjusted models, in the transwomen, a decrease in TGs was associated with a decrease in fat mass (P = 0.01) and an increase in FGF-21 levels (P , 0.001), such that a decrease of 1 kg in fat body mass was associated with a decrease in TG levels of 4 mg/dL and an increase in 1 U of FGF-21 with a decrease of 0.1 mg/dL (Supplement Table 1 ).
In contrast, in the transmen, no substantial changes were seen in TGs during the observation period; however, a positive association was seen with changes in FGF-21 levels. Our model showed that a change in 1 U of FGF-21 would be paralleled by a change of 0.09 mg/dL in TG levels (P = 0.02). In addition, a positive association was found with AFABP levels, with a change of 1 U paralleled by a change of 2.5 mg/dL in TG levels (P = 0.04).
The relevant decreases in TC and LDL cholesterol levels in transwomen were positively associated with changes in resistin levels. A decrease of 1 U of resistin would result in a decrease of 5.2 mg/dL TC (P = 0.004) and 4.1 mg/dL LDL cholesterol (P = 0.005; Supplement Table 1 ). In contrast, an increase in LDL cholesterol in the transmen was dependent on a decrease in FGF-21 levels (20.08 mg/dL/Δunit; P , 0.001), an increase in physical https://academic.oup.com/jcemactivity (10.5 mg/dL/Δunit; P = 0.001), and an increase in the WHR (1.8 mg/dL/Δ0.01; P = 0.02).
The decrease in the HDL% in the transmen was best explained by the decrease in adiponectin levels (Fig. 2) , which translated into a decrease of 0.6% per 1000 units (P = 0.01; Supplement Table 2 ). In the transwomen, HDL % did not change significantly, although it was influenced by a variety of independent variables in an inverse manner, namely resistin (20.7%/Δunit; P = 0.04), fat mass (20.53%/Δkg; P = 0.005), WHR (20.2%/Δ0.01; P = 0.02), and age (20.12/y; P = 0.04).
An increase in HDL in the transwomen was dependent on an inverse association with fat mass (20.64 mg/dL/ Δkg; P = 0.007). No good predictor for the decrease in HDL in the transmen could be identified.
Glucose metabolism
No relevant, independent predictors for the changes in HOMA-B, HOMA-IR, HOMA of first-phase insulin secretion, and Stumvoll MCR in the transwomen were identified. However, an inverse association was found of the insulinogenic index with the FGF-21 levels (20.43/ Δunit; P = 0.002) and a positive association was found of the insulin AUC with the progranulin levels (2378.3/ Δunit; P = 0.04).
In the transmen, a statistically significant decrease in the HOMA-IR was predicted by a variety of changes in independent variables. A positive association was found with age (0.04/y; P , 0.001) and chemerin (0.006/Δunit; P , 0.001), resistin (0.08/Δunit; P = 0.001), and FGF-21 (0.003/Δunit; P , 0.001) levels and was inversely related to changes in WHR (20.03/0.01; P = 0.01), physical activity (20.42/Δunit; P , 0.001), leptin (20.06/Δunit, P , 0.001), and AFABP (20.06/Δunit; P , 0.001).
Blood pressure
Changes in systolic blood pressure were best explained by changes in resistin levels in the transmen (2.8 mm Hg/unit decrease in resistin levels; P = 0.04) and changes in adiponectin (3 mm Hg/Δ1000 units; P = 0.005) and chemerin levels (4 mm Hg/Δunit; P = 0.02) in the transwomen.
Discussion
Effect of GAHT on metabolic cytokine expression
From the findings, it is clear that GAHT resulted in a complete reversal of the observed sexual dimorphism for adiponectin and leptin, independent of any changes in anthropometry. This finding is in accordance with earlier studies in this population (12) and supported by the fact that testosterone and estradiol can directly regulate leptin and adiponectin secretion from adipose tissue samples in both women and men (19, 20) .
In contrast, chemerin, progranulin, and FGF-21 levels did not differ between the transmen and transwomen at baseline. Although chemerin and progranulin had decreased after GAHT in both sexes, FGF-21 decreased only in the transwomen. Sexual dimorphism for resistin remained unaffected by 12 months of treatment, in line with findings from earlier studies (21) and indicating that sex steroids do not play a major role in its regulation. In contrast to previous studies of epidemiological samples (22), a sex difference was not observed. Furthermore, no change was seen over time in AFABP levels among our cohort, indicating that AFABP is not affected by GAHT in either sex.
All these metabolic cytokines have, in epidemiological studies, been associated with parameters of the MS (10, 23, 24) and showed several correspondingly relevant correlations on univariate analysis in our sample and also could explain the changes in the parameters of the MS.
Lipids
Substantial alterations in lipid profiles were observed in both sexes during treatment. The TC levels decreased in the transwomen, primarily owing to a reduction in LDL cholesterol. In contrast, the LDL cholesterol levels increased in the transmen, resulting in a decrease in the HDL/TC ratio among the members of this group. These findings are in accordance with those from earlier studies (9) and also with the gender dimorphism reported for lipoproteins in the general population (25) .
The decrease in TGs in transwomen was best explained by a relative change in fat mass and FGF-21 levels, after accounting for other potential confounders. The positive association with fat mass is in accordance with studies showing that the secretion of TG-rich lipoproteins and their degradation is, among others, determined by lipoprotein lipase (LPL) in adipose tissue (26) . A possible explanation for the negative effect of FGF-21 on TGs in our lean transwomen might be an FGF-21-dependent, accelerated lipoprotein catabolism in adipose tissues, thereby reducing TGs, such as has been demonstrated in mice (27) . In contrast, our data suggest the opposite associations in our transmen cohort, in whom, although remaining stable during the observation period, FGF-21 was positively correlated with changes in TG levels. Our findings, therefore, might suggest a sexdependent mechanism with regard to the metabolic effects of FGF-21. Larson et al. (28) have recently demonstrated in a rodent model that FGF-21 regulation and its metabolic effects are highly dependent on the sex steroid milieu. Furthermore, sex has been demonstrated as a major predictor of FGF-21 serum levels in crosssectional data (29) .
In addition, a positive association was found for AFABP levels in the transmen, with a change of 1 U paralleled by a change of 2.5 mg/dL in TG levels. This is supported by earlier epidemiological studies that found an independent positive association of AFABP and TGs (22, 30) , although in one study this was only true for males (22) .
The substantial decrease in TC and LDL cholesterol levels and the HDL% in the transwomen was positively associated with changes in resistin levels. This is in line with previous research demonstrating that resistin might reduce LDL cholesterol clearance by downregulating the hepatic LDL receptor, in part via proprotein convertase subtilisin/kexin type 9 (31). The increase in HDL cholesterol, in contrast, was dependent on a negative association with fat mass, a well-established association, and might among other mechanisms result from a decrease in plasma cholesteryl ester transfer protein expression (32) .
However, an increase in LDL cholesterol levels in the transmen was dependent on a decrease in FGF-21 levels and an increase in physical activity and the WHR. It has been shown in rodent models that FGF-21 deficiency results in an increase in hepatic cholesterol biosynthesis and a shift from HDL to LDL, potentially again mediated via the proprotein convertase subtilisin/kexin type 9 pathway (33) . The decrease in the HDL/TC ratio was best explained by a decrease in adiponectin levels, potentially mediated by adiponectin's effects on hepatic LPL activity (34).
It was not possible to identify an independent predictor for the decrease in HDL cholesterol in the transmen, indicating that those changes were directly attributable to GAHT, in line with earlier reports of the effects of exogenous androgen administration in hypogonadal men (35) and transmen (6) and, again, potentially mediated via increasing LPL activity.
Blood pressure
Although changes in blood pressure were not substantial across whole groups, individual changes could be explained by an inverse association with changes in resistin levels in the transmen and a positive association with adiponectin and chemerin levels in the transwomen. Previous studies have revealed that hypoadiponectinemia is an independent risk factor for arterial hypertension (27) . However, the role of adiponectin in hypertension is not yet fully understood. Thus, an association between adiponectin multimer composition and hypertension has been suggested by Baumann et al. (36) . Chemerin has been linked to hypertension in epidemiological samples (37) , and preclinical data have indicated that it might be involved in amplifying sympathetic nerve-mediated arterial contractions (38) .
The findings regarding resistin were, however, unexpected, because resistin has been linked to promoting hypertension, possibly via activation of the reninangiotensin system (39) .
Glucose metabolism
GAHT in the transwomen resulted in an increase in the markers of insulin resistance, first-phase insulin secretion, and a decrease in insulin sensitivity markers. In contrast, a substantial decrease in the HOMA-IR was found as a measure of insulin resistance in the transmen.
Most changes in parameters of glucose metabolism in the transwomen seemed to be directly attributable to the reversal in the sex steroid milieu and not via indirect treatment effects such as metabolic cytokine expression or changes in body composition.
Fasting glucose metabolism indexes such as the HOMA-IR predominately measure hepatic insulin sensitivity, but dynamic OGTT-based indexes such as the Stumvoll MCR measure both hepatic and muscle insulin sensitivity (40) . Thus, these findings indicate that GAHT in the transwomen decreased hepatic and muscle insulin sensitivity, and testosterone treatment in the transmen improved hepatic insulin resistance. These findings are in accordance with earlier research of transgender individuals in whom E2 and CPA treatment increased fasting insulin and decreased glucose usage during a hyperinsulinemic euglycemic clamp, but the fasting glucose levels were unaffected (41) .
In the transwomen, progranulin levels were positively associated with insulin AUC during the OGTT, and the insulinogenic index, as a measure of b-cell function, was negatively affected by changes in FGF-21. Although it is quite well-established that progranulin contributes to insulin resistance (42), a bidirectional link might exist between FGF-21 and glucose metabolism. Although FGF-21 has been shown to have protective effects on islet cell functioning and insulin secretion in chronic hyperglycemia in rodents (43) , FGF-21 also serves as an independent predictor of the MS and type 2 diabetes mellitus in apparently healthy white individuals (44) . Hypothetically, the negative association between FGF-21 and the insulinogenic index could represent a beneficial metabolic status of insulin sensitivity or, alternatively, FGF-21 resistance (45).
In the transmen, the substantial decrease in the HOMA-IR was determined by a variety of changes in body composition, metabolic cytokine expression, and behavioral measures, as indicated by the negative association with the individual's physical activity parameters. Although the positive association of chemerin, resistin, and FGF-21 with HOMA-IR indicate a negative effect of these cytokines on insulin resistance, the opposite was true for leptin and AFABP. Leptin is an adipokine that reverses insulin resistance in metabolic disease states such as lipodystrophy (46) . In contrast to leptin, the negative association of AFABP with HOMA-IR is counterintuitive, because AFABP is regarded an insulin resistance-inducing adipokine (47) and AFABP inhibition improves insulin sensitivity (48) .
One strength of our research was that the findings were obtained from a well-defined cohort of transgender individuals undergoing a standardized protocol, including dynamic measures of glucose metabolism, body composition measurements, and liquid chromatography mass spectrometry sex steroid measurements. It could be argued, perhaps, regarding the burgeoning number of newly identified metabolic cytokines in recent years, that those investigated in our study represent only an arbitrary selection. However, to the best of our knowledge, ours is the first study of this type of population to investigate such parameters comprehensively concerning the contribution of these metabolic cytokines to sex steroid-driven metabolic regulation.
Nevertheless, the present study had some limitations that should be considered. First, the general transferability of the results to the general population, in terms of the effects of sex steroids on the outcomes investigated, could be limited. This is potentially because GAHT, for most transwomen, includes antiandrogenic co-medication. Therefore, it might be that some of the observed effects are not primary attributable to the effects of estradiol and/or androgen withdrawal but instead to the intrinsic effects of CPA. We could not exclude that the different routes of application of estradiol in the transwomen might have had an effect on the outcomes we investigated. Because the type of estradiol used was dependent on the age of the transwomen, we did not separately control for estradiol type. According to the published data, the dosages used in our study are comparable regarding overall E2 exposure (49) . We also did not observe any relevant differences regarding serum steroid levels or FSH and LH as surrogate markers for adequate hormone substitution between the two groups (Supplemental Table 7 ).
Additionally, the cycle phase in the transmen group was not controlled, which might have further compromised the detection of clear hormonal effects. Future studies using larger samples should account for such differences. Finally, because the 2 groups were of unequal size (i.e., more transmen than transwomen), we could not rule out that we missed some treatment effects in the smaller group owing to missing power.
Conclusions
One of the most in-depth analyses to date has, in our study, succeeded in further disentangling the direct and indirect effects of GAHT on the components of the MS in transgender individuals. Many effects of GAHT on the components of the MS seem to be directly attributable to changes in the sex steroid milieu. However, we also found indirect sex-specific effects involving mediators such as changes in body composition and metabolic cytokine secretion, or a combination of both of these factors.
